ANATOMY
The bones of the thumb are the distal phalanx, proximal phalanx, and the metacarpal. The joints include the interphalangeal (IP) joint, the metacarpophalangeal (MCP) joint, and the carpometacarpal (CMC) or basilar joint. The CMC joint is a broad, fat saddle joint that allows the thumb a wide range of rotational and angular motions. It is formed by the articulation of the thumb metacarpal with the trapezium. IP and MCP joint lateral stability is provided by strong collateral ligaments; the volar (palmar plate) ligament resists extension forces. The CMC joint is firmly secured to the trapezium by heavy volar ligaments, especially a volar, ulnar thickening of the joint capsule.
Thumb motion is a result of three paired and opposite actions: • Extension/flexion • Abduction/adduction • Opposition/retroposition. All are combinations of motions requiring the use of many muscles. It is essential to remember that the name of the muscle does not fully signify its function. More than one muscle is involved in any given thumb movement.
Muscles powering the thumb may be categorized as extrinsic and intrinsic. The extrinsic muscles, both flexor and extensor, have their muscle bellies in the forearm and tendon insertions in the thumb. The intrinsic muscles have their origins and insertions within the hand.
Specific Extrinsic Muscle Testing
The flexor pollicis longus (FPL) muscle has its tendon insert on the volar base of the distal phalanx of the thumb. Evaluation can be accomplished by resisted thumb flexion, as depicted in Figure 1 .
The abductor pollicis longus (APL) muscle has its tendon insertion at the dorsal base of the thumb metacarpal. The extensor pollicis brevis (EPB) has its tendon insertion at the dorsal base of the proximal pha-.......... ......~_ :_ .;
..~~,F ig 1: Testing for FPL musculotendinous function. From ASSH (1990) . Reprinted with permission. lanx of the thumb. Evaluation can be accomplished by resisted abduction, as pictured in Figure 2 .
The extensor pollicis longus (EPL) muscle has its tendon insertion on the dorsal base of the distal thumb. As demonstrated in Figure 3 , the nurse can evaluate by having the client lift the thumb off the surface of a table 488 on which the hand is placed flat (American Society for Surgery of the Hand [ASSH], 1990).
Specific Intrinsic Muscle Testing
The thenar muscles are the abductor pollicis brevis (APB), opponens pollicis (OP), and the flexor pollicis brevis (FPB). The muscles pronate or oppose the thumb. Evaluation can be done by asking the client to touch the thumb and little fingertips together so that the nails are parallel. Thumb adduction is separately tested by having the client forcibly hold a piece of paper between the thumb and the radial side of the index proximal phalanx. When the adductor pollicis muscle is weak or non-functioning, the thumb IP joint flexes with this test (Froment's sign). In this maneuver, the two hands are compared (ASSH, 1990) .
Nerves: Motor Innervation
The median nerve innervates the following thumb muscles: the flexor pollicis longus (by the anterior interosseous branch of the median nerve) and the thenar muscles (by the thenar motor branch). The radial nerve innervates the following muscles: the abductor pollicis longus, extensor pollicis longus, and extensor pollicis brevis. Thus, its important motor function is to innervate muscles that abduct and extend the thumb. The ulnar nerve may innervate part or all of the flexor pollicis brevis.
Sensory Innervation
The median nerve innervates the palmar surface of the thumb. The radial nerve supplies sensibility to the dorsum of the thumb. When the client's symptoms are tingling and numbness of the thumb, the nurse can also consider a C5 disk lesion (C6 root). Numbness of the thumb alone can also be caused by pressure of the digital nerve at the outer side of the thumb (ASSH, 1990) .
COMMON OCCUPATIONAL PROBLEMS OF THE THUMB

Lacerations Causing Tendon Damage
Before examining the injured hand, the nurse obtains a health history in as much detail as possible (this history is appropriate for all injuries to the thumb):
• Time of injury-to determine interval before treatment. Any bleeding is stopped by asking the client to lie down. The nurse elevates the hand and covers the wound with a sterile dressing, applying gentle, direct pressure. The bleeding usually stops within a few minutes. Next, the nurse examines the thumb distal to the laceration. The tendons are tested separately for function. It is important to test IP function against gentle resistance. A partially cut tendon may be able to flex the thumb; however, it will not be able to do so against resistance without causing pain. It is important to note the position of the unsupported thumb. When the flexor tendon is completely severed, the unsupported thumb rests in extension; when the extrinsic extensor tendon is completely severed, the unsupported thumb rests in flexion (see Figures 1-4 for testing of the thumb tendons).
It is important to check distal sensation for light touch (using a wisp of cotton) and for dull/sharp (using a pin).
Fractures
Thumb fractures are usually associated with a history of a snap, pain at the fracture site, and occasionally, deformity. (See Table 1 for definitions of different types of fractures and treatments. See Table 2 for principles related to splinting.) There is often swelling, bruising, crepitus, and rarely, exposed bone (open fracture). Clients will guard use of the thumb. The evaluation includes: • History. What type of force produced the injury? What is the extent of soft tissue involvement? In open injuries, could there be retained foreign body or material? • Physical examination. Check for local tenderness, swelling, deformity (rotational and angulatory), range of motion, and neurovascular status. Do not check stability until radiographs are obtained. It could displace a Gamekeeper's fracture, which would change treatment to open reduction internal fixation (ORIP) procedure, which in tum would increase cost of treatment. • Radiographs required: 1) anterior-posterior and true lateral of the thumb and 2) oblique when close to the joint (three views are best). The thumb is unique-most fractures occur at the base of the metacarpal.
Classification: I. Bennett's fractures are oblique intraarticular fractures with a small volar lip avulsion fragment. The palmar, ulnar fragment is stabilized to the trapezium by a strong ligament. The mechanism of injury is commonly an axial blow (i.e., fist fight). The goal of treatment is an anatomic reduction. This may frequently be achieved by closed reduction with percutaneous pinning, but if necessary by ORIP. tion. Alternatives include short term splinting with early range of motion to mold joint surface or longitudinal traction with Kirschner wire or external fixator (Kasdan, 1991 Fractures of the proximal phalanx are treated similarly to fractures of the fingers. Treatment includes closed reduction, percutaneous pinning, or ORIP depending on severity of the fracture.
Intraarticular Fractures and Avulsions of the Thumb
The goal in treatment of these fractures is to restore the articular surface as anatomically as possible. • Mallet thumb: the treatment is to splint the IP joint in extension for 8 weeks. If more than 50% of the joint is involved or there is volar subluxation of a distal fragment,thenORIF is done. • Gamekeeper's, or avulsion fracture, of the ulnar base. This is secondary to ulnar collateral ligament injury. If the fracture is nondisplaced, it will be casted for 4 to 6 weeks; if displaced, ORIP is done.
MCP Joint Dislocation
The MCP thumb joint is most subject to dislocation from external forces. Thumb dislocation should be sus- pected with pain aggravated by attempts to move the injured part, deformity, tenderness, swelling and loss of motion. The MCP volar plate may be disrupted at its metacarpal attachment with a hyperextension injury. The joint may dislocate so the proximal phalanx lies dorsal to the metacarpal head which is buttonholed between the intrinsic muscles and the FPL, thus maintaining the dislocation. These dislocations can be detected only on lateral radiographs and almost always require open reduction and repair of the capsule (Green, 1993) .
LIGAMENT INJURIES OF THE THUMB
The ulnar collateral ligament (VCL) plays a dominant role in providing stability by resisting radial stresses across the MCP joint. The VCL can be injured when the thumb is forcibly abducted or hyperextended, for example, when the thumb is thrust against an unyielding object (i.e., fall onto the outstretched hand with the thumb held in abduction). Movement of the thumb is painful. The ulnar side of the MCP joint is swollen and may be ecchymotic. Tenderness to palpation occurs over the ligament, frequently over the distal and volar aspects. Radiographs reveal an avulsion fracture of the base of the 2. Cover wound with sterile dressing before splinting fracture.
3. Immobilize for temporary protection with a splint in the intrinsic or safe position. Pad splint carefully to prevent pressure and discomfort to the client.
4. Elevate the extremity to prevent edema. Ice can then be placed on the injured part.
proximal phalanx at the ligament insertion in 25% of cases (Sternback, 1993) . Partial ligament ruptures and nondisplaced avulsion fractures are treated satisfactorily with immobilization in a functional position in a thumb spica splint or cast. Initially, the MCP joint and wrist are included. After 4 weeks, a hand based thumb splint can protect the joint for an additional 2 to 4 weeks. Complete VCL ruptures should be splinted and referred to a specialist for consideration of surgery (Kasdan, 1991) .
The radial collateral ligament is frequently injured by a twisting or forced adduction mechanism. Tenderness and swelling are largely confined to the radial and volar aspects of the joint. Examination and assessment are performed in the same way as for injuries to the VCL and treatment recommendations are the same.
The volar (palmar) plate can be injured in a hyperextension injury. The injury is treated with splinting. If deformed, dislocation may be present.
CMC joint ligament injuries usually result from hyperextension or hyperabduction of the thumb and can occur simultaneously with injury to the MCP joint. Tenderness may be seen over a wide area, including the dorsal aspect of the CMC joint and the entire base of the thenar eminence. It may be difficult or painful to flatten the palm on a tabletop. Attempted abduction of the base of the first metacarpal is painful and may demonstrate instability. Because a wide range of laxity normally exists in this joint, comparison with the uninjured thumb is recommended. Most of these CMC joint ligament injuries are incomplete and cared for with 4 to 6 weeks of immobilization in thumb spica or cast. Early recognition and referral for treatment are important because improperly treated or untreated injuries may develop progressive instability requiring later reconstruction.
If a thumb fracture, dislocation, or tom ligament is suspected, the client is referred to an orthopedic surgeon for further treatment. Ice is applied and the extremity elevated. The thumb is splinted to minimize the pain; to prevent further damage to muscle, nerves, and blood vessels;
to prevent a closed fracture from becoming an open fracture; and to reduce bleeding and swelling. Any wounds are dressed prior to splinting the fracture. The splints are padded generously. It is important to make sure all joints are immobilized. After splinting, the extremity is elevated and ice applied again to the thumb (Green, 1993) .
TENDONITIS
Trigger Thumb or Stenosing Tenosynovitis
Inflammation at the MCP joint pulley causes a discrepancy between the size of the tendon and pulley. Repetitive gripping or grasping or pressure over the palm causes swelling and inflammation of the tendon and the tendon sheath. The tendon may become thickened just proximal to the pulley. This discrepancy in size may cause a triggering or locking, painful thumb movement, and limited or absent digital flexion. Palpation of the flexor tendon over the MCP joint can be painful. There can be crepitance with flexor excursion, and a nodular mass may be felt in the tendon (ASSH, 1990) .
Treatment includes restriction of excessive gripping and pinching. Local injection of cortizone within the sheath is attempted, with no more than three attempts. Immobilization is usually not helpful; however, if attempted, the thumb is splinted in extension. Padded or oversized tools can be helpful. Surgical release is indicated if conservative treatment fails (Anderson, 1995) .
De Quervain's Stenosing Tenosynovitis
De Quervain's disease is a nonspecific tenosynovitis of the APL and EPB tendons in the first dorsal wrist compartment. Overuse or unaccustomed use in the form of repetitive gripping and grasping leads to friction irritation of the tendons as they cross the distal radial styloid. It is more common in women 30 to 50 years old and is frequently encountered post-partum. Symptoms include tenderness, and crepitation may be present over the radial styloid. Pain is aggravated by resisting thumb extension and abduction isometrically (Cyriax, 1993) .
Finklestein's test may be positive. This test is performed by having the client grasp the thumb with the fingers (thumb in palm) and ulnar deviate the wrist. If this causes pain the test is positive. It is important to differentiate between de Quervain's tenosynovitis and CMC joint arthrosis of the thumb. To do this, tenderness and pain must be accurately localized between the first extensor compartment and the CMC joint of the thumb. The grind test (which is only positive with osteoarthritis) and x-raying are performed to rule out osteoarthritis.
Treatment consists of rest and restriction of thumb gripping and grasping. A thumb spica splint is usually used. Ice application and non-steroidal antiinflammatory medications can be helpful in some cases; however, the best results are achieved with local injection of cortizone, which can usually be repeated once more. If symptoms persist, surgical release is considered (ASSH, 1990) .
The OHNP should be aware that triggering of the thumb associated with de Quervain's disease is probably much more common than is recognized. This triggering OCTOBER 1996, VOL. 44, NO.1 0 can be overlooked unless tested specifically with resisted thumb abduction and extension followed by flexion and adduction (Witczak, 1990) .
Carpometacarpal (CMC) Osteoarthritis
CMC joint arthritis is a very common manifestation of osteoarthritis. Repetitive gripping, grasping, and pinching, as well as excessive contact with vibration tools in a susceptible client (positive family history), leads to wear and tear of the bones at the base of the thumb. (Primary osteoarthritis of the hands is especially common in older women.) Estimates are 20% of all women over the age of 40 suffer from arthrosis of the thumb (Fredriksson, 1995) .
Studies have been performed applying principles of differential geometry to the study of the surface curvatures and congruence, and comparisons have been made between the CMC joints of female and male subjects (Ateshian, 1992) . It was determined. that male CMC joints are significantly more congruent than female joints as a result of the different shape of the trapezial surfaces, as well as size difference in the joints of the two sexes. Consequently, contact stresses in female CMC joints are greater than those in male joints in similar joint loading conditions. Thus, in activities involving pinch or grasp, female thumb CMC joints may experience higher stresses than male joints. These higher stresses may predispose females to degenerative disease of the thumb CMC joint (Ateshian, 1992) .
Physical examination reveals bony enlargement of the joint with decreased range of motion and pain. The axial compression-adduction test is done by manipulating the thumb with axial compression and gentle adduction. The examiner's thumb will feel crepitus at the client's CMC joint. This is usually painful for the client. The axial compression and rotation tests are often painful when the proximal phalanx is used as a lever arm for a grinding maneuver of the thumb CMC joint. Besides a painful grind test, there also can be subluxation of the CMC joint, adduction deformity, secondary MCP joint hyperextension, and a weak pinch. End stage disease often shows atrophy of the thenar muscles. Diagnosis is confirmed by radiographs. Variable degrees of bony sclerosis, asymmetric joint narrowing, spur formation, and radial subluxation can be seen at the trapezial-metacarpal articulation (ASSH, 1990) .
Treatment includes rest of the thumb and restriction of gripping, grasping, and pinching. Use of oversized tools and grips are advised. A thumb spica hook and loop fastener splint can be helpful. Non-steroidal antiinflammatory drugs (NSAIDs) are also used. If symptoms persist, an injection of cortizone also can be administered. If symptoms become severe, the nurse refers the client to a specialist for surgical evaluation.
ERGONOMIC SOLUTIONS
Ergonomic solutions to thumb problems are considered when the work is hand intensive with light physical demands, but requiring concentration, accuracy, and precision, or if physical demands on the thumb are forceful (Fredriksson, 1995) .
